ing crops with increased capacity for sustainable production of food, feed, and fuel with decreasing availability of land resources and inputs (Pimentel et al., 2012) . Economic and environmental benefits of perennial crops include: increased temporal vegetative cover, increased photosynthate assimilation, decreased soil erosion, increased access to and capture of water and nutrients, and increased belowground carbon sequestration via both soil organic matter and perennial root structures. Significant investment into the development of perennial grain crops, however, has been predominantly focused on rice (Oryza sativa L.) (Sacks et al., 2003; , wheat (Triticum aestivum L.) (Scheinost et al., 2001; Murphy et al., 2009; Larkin et al., 2014) , and intermediate wheatgrass [Thinopyrum intermedium (Host) Barkworth & D.R. Dewey] (Cox et al., 2002) . Despite these efforts, the commercial release of perennial rice or perennial wheat cultivars has not yet occurred.
Sorghum offers an alternative option toward investigating perennialism in warm-season grain crops, with interfertile species and disparate (annual vs. perennial) life cycles. Sorghum bicolor (L.) Moench is a diploid (2n = 2x = 20), nonoverwintering annual species with improved potential for grain, forage, sugar, and biofuel production (Murray, 2013) . Genome annotation has been completed for S. bicolor (Paterson et al., 2009) Numerous studies have dissected traits related to perenniality in sorghum, including rhizomatousness (Paterson et al., 1995; Westerbergh and Doebley, 2004) , tillering (Hubbard et al., 2002) , senescence (Feltus et al., 2006) , and both carbon assimilate partitioning (Zhao et al., 2008) and composition (Washburn et al., 2013b) .
A perennial grain sorghum breeding project hybridizing S. bicolor with Johnsongrass has been underway since 2001 at The Land Institute, but to date, overwintering hybrids with acceptable agronomic traits (short stature, thick culms, compact panicles, and large seeds) and grain yield production have not been produced (Cox et al., 2006) . This situation likely involves resource trade-offs between partitioning in perennial structures versus grain yield. Most S. bicolor × S. halepense hybrid breeding efforts have resulted in high-biomass perennial forage sorghum cultivars, including 'Krish' (Krishnaswamy et al., 1956) , 'Crooble' (Davis and Edye, 1959) , 'Silk' (CSIRO, 1978a) , and 'Sucro' (CSIRO, 1978b) . In contrast to S. halepense, S. propinquum has much reduced rhizome production and offers potential for developing perennial hybrids with S. bicolor at the diploid level and with greatly reduced risk of rhizome invasiveness. With the capacity to conduct breeding efforts at the diploid level, all improved S. bicolor accessions may be utilized in S. bicolor × S. propinquum improvement programs. This would greatly facilitate introgression of desired agronomic traits such as seed size from S. bicolor much more rapidly than in S. bicolor × S. halepense programs, which are restricted by limited numbers of tetraploid, chromosome-doubled S. bicolor accessions. However, S. propinquum is native to tropical Southeast Asia and it is not well known how well it will adapt to temperate climates and freezing temperatures. While seed size of S. bicolor × S. propinquum hybrids has not been specifically evaluated previously, they offer additional germplasm resources toward increasing perennial sorghum grain yield beyond what has been previously achieved with S. bicolor × S. halepense hybrids. Combining this potential for higher grain yields with both reduced rhizomatousness and invasiveness risk, S. bicolor × S. propinquum hybrid breeding programs could contribute greatly toward development of commercially viable, perennial grain sorghum cultivars.
PSH12TX09 (GS-784, PI 675359), a novel sorghum F 6 recombinant inbred line, was identified that successfully overwintered across USDA plant hardiness zones 8a, 8b, and 9a between 2013 and 2015. Prior development from the initial interspecific hybridization through the F 3 generation was done at the USDA-ARS Southern Plains Area Research Center, College Station, TX; further advancement to F 6 was a collaborative effort between Texas A&M University, Texas A&M AgriLife Research, and the USDA-ARS.
Methods

Selection of Overwintering Sorghum Recombinant Inbred Line
Sorghum line PSH12TX09 (GS-784, PI 675359) was derived from a cross between the S. bicolor line BTx623 × S. propinquum (unnamed accession) and advanced to the F 2 generation as described in Chittenden et al. (1994) . In 2010, 178 segregating F 3:4 families advanced from eight F 2 individuals were used for heterogeneous inbred family quantitative trait loci mapping analyses of overwintering (2010-2011 and 2011-2012) in College Station (Washburn et al., 2013a) . From this population, a single F 3:4 line was selected in 2012 based on overwintering and plant height. The selected F 4 line was advanced to the F 4:5 and F 5:6 generations under greenhouse conditions between summer 2012 and spring 2013 with selection for uniformity in plant height and days to 50% anthesis.
Overwintering Evaluation
The selected F 6 recombinant inbred line was planted at three locations (Beeville, College Station, and Commerce, TX) in 2013. The trial locations span USDA plant hardiness zones 9a, 8b, and 8a, respectively. Plots consisted of single rows of 6 m with 1 m between rows and 2.5 cm seed spacing within rows. The experimental design was a randomized complete block with four replicates at each location. The wild-type cultivar BTx623, replanted annually, was included for comparison. No supplemental irrigation or fertilization was applied. Atrazine [6-chloro-nethyl-N¢(1-methylethyl)-1,3,5-triazine-2,4,diamine] was applied at 0.56 kg ha -1 immediately after planting, followed by an application of quinclorac (3,7-dichloro-8-quinolinecarboxylic acid) and atrazine at 0.37 and 0.56 kg ha -1 , respectively, 4 wk after planting. Plots were clipped at a height of 10 cm, and application of atrazine and quinclorac was performed as described above 2 wk after the last historical date of frost at each location in 2014 and 2015. Field emergence was measured at 4 wk after planting in the establishment year, and overwintering emergence was measured 6 wk after the last historical date of frost at each location in 2014 and 2015.
Agronomic Traits
Additional traits were characterized in 2013, 2014, and 2015. The days to 50% anthesis was monitored daily and recorded (College Station only). Plant height was measured at maturity, and seed size (100 kernel weight) was recorded. Data were subjected to ANOVA utilizing SAS, version 9.1 (SAS Institute, 2003). All tests were performed at the P = 0.05 level of significance.
Characteristics
PSH12TX09 is an erect, robust, tussock-type, diploid (2n = 2x = 20), perennial sorghum line with short rhizomes that curve upward to produce new culms near the crown. Its tillers are solid, pithy, and approximately 0.4 to 0.6 cm in diameter. Leaves range in width from 2.5 to 3.9 cm, are waxy, and are glabrous except for hairs near the ligule. Inflorescences are pyramid-shaped panicles with branches spiraled around a central axis. Spikelets are one-flowered and paired. Glumes are equal, rigid, shiny, black on maturity, 4 to 6 mm in length, and tightly enclose the mature caryopsis. The lemma is transparent and awned. The lemma is transparent and longer than the palea. Caryopsis color is dark tan, and the seed is nonshattering.
Overwintering of PSH12TX09 was high and not significantly different across locations (Table 1) . As expected, BTx623 failed to overwinter at any location. Similar to overwintering, all additional measured agronomic traits differed significantly between PSH12TX09 and BTx623. No significant differences were identified across locations or years for either entry. Destructive sampling of plants to quantify rhizomes belowground were not made to allow assessment of overwintering potential for three sequential seasons. The average number of aboveground, rhizome-derived shoots ( 
Conclusions
PSH12TX09 can serve as a resource for investigating mechanisms of perenniality in sorghum. It can further provide a breeding tool toward developing noninvasive, perennial sorghum cultivars for grain, forage, and biofuel feedstock markets.
Availability
Seed for PSH12TX09 has been deposited in the USDA National Plant Germplasm System as a genetic stock and will be available for research purposes. Small amounts of seed can be requested from National Plant Germplasm System or the corresponding author. We request that the source of the line be acknowledged and that this registration is cited when referring to these materials and when these materials contribute to marker development, research publications, or cultivar development. Overwintering Plant height 
